Separation of ethanol from aqueous ethanol solution was carried out by pervaporation through a membrane which consists of common synthetic polymers. A membrane from poly(cyclohexyl methacrylate-co-styrene) showed membrane performance that preferentially permeated ethanol from ethanol-water mixtures by pervaporation technique. The pervaporation of ethanol-water mixture through the present membrane was analyzed as a solution-diffusion process.
Introduction
Membrane separation technique has been gathering much attention during these two decades.
This may be due to the fact that membrane separation technology has been regarded as one of energy-saving processes and expected to give a higher selectivity. In connection with energy problem, which will be in the near future a serious one especially in Japan, which possesses little energy source, the production of biomass energy such as ethanol by fermentation will be an important industry.
As to formation of ethanol via fermentation of biomasses, the liquid product is an aqueous solution containing around 5wt.% ethanol, which is separated by distillation to give 95.6wt.% ethanol.
This distillation process is an energy-intensive step that accounts for a large portion of the cost of ethanol production from biomasses. In this process, pervaporation technique is expected to be economical and energy-saving alternative processes for water-ethanol separation.
There are a couple of ways to separate aqueous ethanol solution by pervaporation technique. One way is that ethanol is preferentially removed through membranes1-6), while the other one is that water is selectively removed through membranes7l.
As for selective separation of ethanol, it is an interesting and important subject to develop novel polymers, which consist of common vinyl monomers, as membrane materials. From this point of view, the authors found that membranes from copolymers of methacrylic esters (ester moiety: methyl'), tert-butyl2a}, benzyl2aj. or cyclohexyl2a)) and styrene were ethanol-permeable membranes by making use of membrane polarity 8,9) as the index to design molecular structure of membrane materials for separation of aqueous ethanol solution.
The present article deals with pervaporation of water-ethanol mixtures through poly(cyclohexyl methacrylate-co-styrene) membranes.
Experimental

Materials
Cyclohexyl methacrylate (1), styrene (2), and cm-3/2, and 4,E= 9.5cal1/2cm CM-3/2 for ethanol 11), and ?? d ,W= 9.54 cal1/2 cm-3/2. ?? p,w= 8.72cal/2 cm-3/2, and ?? h, w = 8.62cal1/2 cm-3/2 for water").
(1) (2) 2.6 Pervaporation Pervaporation of water-ethanol mixture was carried out through the membranes as described previously'). The membrane area in contact with liquid was 10.5cm2 The downstream pressure was maintained from 400Pa (3.Otorr) to 3330Pa (25.Otorr).
The separation analysis was carried out on a Shimadzu-GC-8A gas chromatograph with a 3.1-mlong column packed with polyethylene glycol 6000 on Shimalite TPA.
The separation factor, d, is defined as
where the Yi's are the weight fractions of permeates and the Xi's those of feeds, respectively.
Results and Discussion
Characterization of Membranes
Membrane polarity together with wave length of the absorption maximum of the indicator, contact angle, DEM, and DWM are summarized in Table 2 .
Membrane polarity values for these membranes gave around 30kcal mol-r as observed in poly-(tert-butyl methacrylate-co-styrene) membranes 6). From the data on contact angle, these four membranes showed a higher affinity toward ethanol than water. This leads to the expectation that these membranes preferentially permeated ethanol as other membranes from copolymers of methacrylic esters and styrene 1,2a,6) This is supported by the values of DEM and DWM summarized in Table 2 . morphology by membrane preparation process, operating temperature, operating pressure (downstream pressure), and so forth, may open the door to utilization of such common polymers as membrane materials for selective separation of ethanol from aqueous ethanol solutions.
Permeation Mechanism
In order to study the permeation mechanism of ethanol and water through the present membranes, we separated the observed fluxes into their respective ethanol and water fluxes, so that they can be plotted against its feed concentration as previously reported 1, 6,7 a) As an example of the relationship between each component-flux and feed concentration, those for membrane C4 is shown in Fig. 4 . The profile for ethanol showed an exponential one. On the other hand, water flux dependence on its feed concentration was more complicated having maximum flux value. Other relationship between component-flux and feed concentration of membranes Cl, C2, and C3 gave similar profiles as shown in Fig. 4 . These profiles are the same ones observed for pervaporation of aqueous ethanol solution through poly(tert-butyl methacrylate-costyrene) membranes). Table  3 .)
In such cases, we have derived the fluxes for both ethanol and water in the previous paper 6).
The both fluxes are represented by the following equations.
(4)
The four parameters in the flux equations, determined to fit Fig. 4 , are summarized in Table 3 .
Permeability coefficients in the limit zero per- meant concentration Po for both ethanol and water, except those of C4 membrane, POE and P, ,, tended to increase with the increase in 1 fraction in the membrane. Coefficients of the exponent model BEE and BHE increased with the increase in I content in the membrane. This increase of BEE and BHE values with the increment of 1 content is parallel to DEM values summarized in Table 2 . The lines in Fig. 4 are calculated ones according to eqs. (4) and (5), taking the coefficient values summarized in Table 3 . Theoretical flux values in Fig. 4 showed a rough agreement with the observed ones. In the present article, permeations of both ethanol and water through the membranes were affected by internal concentration of ethanol. This might be due to the fact that the present membranes were ethanol-permeable ones. From this it is expected that the membrane, which shows permselectivity toward water not ethanol, gives opposite results against those shown in Fig. 4 . Such opposite results may lie in waterpermeable membranes among voluminous works on selective separation of water from aqueous ethanol solutions by pervaporation technique. As one of such phenomena, we have observed such one in the study on pervaporation of water-ethanol mixtures through quaternized poly (4-vinylpyridineco-acrylonitrile) membranes7a). Through that article7a ), only one ethanol flux profile through quaternized polymer membrane was corresponded to this example. The profiles for membrane 8 in the previous paper7a), poly (1-methyl-4-vinylpyridinium iodide-co-acrylonitrile), are shown in Fig. 5 again. In Fig. 5 , the water flux showed an exponential profile. On the other hand, ethanol flux dependence on its feed concentration was complicated with maximum flux value. In this case, the both fluxes are represented by the following Table  4.) equations by the modification of eqs. (4) and (5).
(6)
Determined parameters in the flux equation (7), Po E and BEH are summarized in Table 4 together with parameters, Po H and BHH, which were reported previously 7a). The lines in Fig. 5 are calculated ones according to eqs. (6) and (7), taking the coefficient values summarized in Table  4 . The theoretical flux values showed a good agreement with the observed values. In the present paper, permeation mechanism was analyzed in terms of concentration-dependent diffusion coefficient. However, both diffusivity and solubility would depend on internal concentra- 
